The effects of insulin and insulin-like growth factors-I and -II on estradiol production by granulosa cells of polycystic ovaries.
The objective of this work was to examine the effects of insulin-like growth factors (IGFs) on estradiol (E2) production by granulosa cells obtained from ovaries of patients with polycystic ovary disease (PCO). Granulosa cells, isolated from ovaries of three PCO patients, were cultured in serum-free medium containing either androstenedione alone (10(-7) M) or androstenedione plus graded doses of FSH, IGF-I, IGF-II, and/or insulin. At the end of the culture period (2, 4, or 6 days) E2 levels in the medium were measured by RIA. The results from each patient were similar, and therefore, the data were pooled. In the 6-day time-course experiments, the control (untreated) cells produced relatively high levels of E2 at 2 days; however, none was detected thereafter. Treatment with FSH (30 ng/mL) stimulated E2 production 4-fold at 2 days, but the stimulatory effects of FSH were not sustained during culture. IGF-I at 30 ng/mL mimicked the effects of FSH. Concomitant treatment with FSH and IGF-I caused synergistic increases in E2 production (3-, 13-, and 33-fold at 2, 4, and 6 days, respectively). Dose-response studies revealed that FSH and IGF-I stimulated E2 production in a dose-dependent fashion (ED50 of FSH and IGF-I, were 1.1 +/- 0.3 and 7.6 +/- 7.2 ng/mL, respectively). In the presence of a maximally effective dose of FSH (30 ng/mL), the cells appeared to become more responsive to IGF-I (ED50 of IGF-I plus FSH, 1.09 +/- 0.29 ng/mL); however, this effect was not significant (P = 0.086). In the presence of a maximally effective dose of IGF-I (30 ng/mL), the stimulatory effect of FSH on E2 production was dramatically amplified, but the IGF-I did not significantly (P = 0.85) change the potency of FSH (ED50 of FSH plus IGF-I, 1.07 +/- 2.3 ng/mL). Treatment with IGF-II over the concentration range of 0.1-100 ng/mL had no effect on either control or FSH-stimulated E2 production. Treatment with insulin, either alone or together with FSH, increased the levels of E2, but the insulin effects were seen only at the highest doses tested (0.3-10 micrograms/mL). The results in these in vitro experiments with PCO granulosa cells indicate that 1) physiological concentrations of IGF-I are as effective as FSH in stimulating E2 production; 2) IGF-I and FSH act synergistically to control the level of E2 production; and 3) this synergy was not observed with insulin or IGF-II.